Introduction
In 1935, the pathologist Arnold Rice Rich reported on a study investigating his impression that microscopic prostate cancers could be detected at autopsy more commonly than were being diagnosed clinically. 1 This study has been cited 215 times up to
July 2006, and along with a 1954 autopsy series reported by LM Franks 2 (cited 371 times), made a major contribution to our understanding of the natural history of prostate cancer. Rich's study confirmed his intuition of a large disparity between microscopic prevalence of prostate cancer and its clinical incidence, in contrast with many other solid tumours where these differences are not as marked. This commentary discusses the contemporary relevance of these findings 71 years on, with a focus on their implications for understanding the epidemiology of prostate cancer and its early detection and treatment.
What were the main findings?
There were at least three key findings, and each of these still raise important questions today. Firstly, despite the observations being retrospectively based on single, random microscopic sections from the prostates of unselected men dying of any disease, Rich demonstrated prostate cancer in 41 (14%) of 292 men older than 50 years of age, a result he described as 'surprising'. In only 14 of the 41 cases had the tumour been recognized clinically. Rich wrote '. . . the actual incidence of this condition is, in all probability, still higher; for the tumours . . . (are) so small and so inconspicuous microscopically that it was only a matter of chance that the routine section passed through them'. Secondly, Rich eloquently described how difficult it would have been to clinically recognize most of the cancers in the series, despite a high prevalence of capsular invasion; these early tumours were impalpable ('they were neither seen nor felt even by the pathologist who was able to hold the dissected prostate in his hands and to examine the cut surface visually'), and the presence of tumour was not associated with any specific pre-morbid clinical symptoms or signs. 4 This study demonstrated a high prevalence of prostate cancer that increased progressively with advancing age and was similar at all ages in African American compared with Caucasian men (around 10%, 30%, 40%, 45%, 70% and 80% in the 3rd, 4th, 5th, 6th, 7th and 8th decades, respectively). When this ubiquity of microscopic prostate cancer is placed in the context of lifetime risks of clinical or fatal prostate cancer (about 10% and 3%, respectively for a man aged 50 years in the USA), 5 these data indicate that local or distal progression of early cancer is far from inevitable within a man's lifetime. Put another way, only a minority of prostate tumours are highly aggressive and life-threatening, while the majority are slow-growing and indolent. 6 The autopsy studies, started by Rich, offer insights into prostate cancer aetiology. For example, the similarity in prevalence of autopsy prostate cancer in African American and US white men 4 is mirrored by findings of little variation in autopsy prostate cancer between countries. 7 Yet, paradoxically, compared with US white men, African American men have higher prostate cancer incidence (137 per 10 5 vs 100 per 10 5 ) and mortality rates (34 per 10 5 vs 16 per 10 5 ) and there are 60-fold and 12-fold higher rates of prostate cancer incidence and mortality, respectively, amongst African American vs Chinese men. 8 The explanation for the inconsistencies in patterns of disease between autopsy compared with incidence and mortality data remain unclear, but could reflect a role for environmental or genetic factors in prostate cancer progression, and/or indicate differences in the availability and use of healthcare. Another important implication is that the high prevalence of autopsy prostate cancer reported by Rich and others complicates the study of its epidemiology, as incidence rates 9 and attribution of prostate cancer mortality, 10, 11 are driven by surveillance intensity, such as screening with prostate-specific antigen (PSA), more frequent use of transurethral resection of the prostate and refined diagnostic procedures (biopsy). Finally, many studies of the aetiology of prostate cancer are based on clinically identified prostate cancer compared with unscreened controls, many of whom are likely to harbour foci of prostate cancer. Selection bias in such studies is possible if prostate cancer in men with benign prostatic hyperplasia (BPH) is more likely to present symptomatically and hence be diagnosed than in men without BPH. 13 Hence positive associations of a putative aetiological factor with prostate cancer could be observed if that factor causes BPH, but not cancer.
On the other hand, in studies of screen-detected cases, exposures that are more important later in carcinogenesis, as opposed to its initiation, may not be detectable as prostate cancer risk factors.
Is it possible to detect these early cancers in alive men?
Rich reported that the early prostate cancers in his dissected pathology specimens were impalpable. 1 Little wonder then that digital rectal examination (DRE) has subsequently been shown to have no value as a screening test in the general population. 5 In the late 1980s, the serum concentration of PSA, a strong predictor of prostate cancer incidence and mortality, 14, 15 was introduced as the main screening test used to indicate when further investigation by transrectal biopsy is required. Men are selected for biopsy if their PSA level exceeds the 'normal' level. There is, however, considerable controversy over what is an appropriate cut-point, 6 and there is a continuum of increased risk of prostate cancer with increasing PSA, even at levels well below currently recommended cut-offs. 16 No threshold PSA value for undertaking a diagnostic biopsy offers simultaneously high sensitivity and specificity. 17 The key issue, however, is not what the properties of the screening test are, but what it is that is being detected. 18 The large difference between a man's small risk of death from prostate cancer and life-time risk of having microscopic disease, suggests that the majority of prostate cancers detected by screening are clinically unimportant. 5 As screening intensity increases, the likelihood of over-detection of clinically unimportant prostate cancers becomes greater. 19 Given the ubiquity of prostate cancer, especially in old age, demonstrated by the autopsy studies of Rich and others, 'any excuse to biopsy has an excellent age-dependent chance of being positive. 19 ' Seventy-one years after Rich's paper, the critically important question now is: can we identify localized prostate cancers destined to progress and result in clinical disease and mortality? Unfortunately, although advances in genomics and proteomics may provide useful prognostic markers in the future, no measures of biologically aggressive prostate cancer have yet been identified.
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Given that many men with these histological prostate cancers die of other diseases, is it worth detecting them?
Screening offers the potential to identify almost all prostate cancers that could previously only be detected in autopsy specimens. 19 Intuitively, this could appear as an important scientific advance since Rich's day, since we can now detect asymptomatic, small and well-differentiated cancers that are clinically confined to the prostate and hence potentially curable. 19 Indeed, a randomized controlled trial from Scandinavia showed that radical prostatectomy for localized prostate cancer reduced the risk of all-cause and prostate cancer-specific mortality at 10 years by approximately 25% and 44%, respectively, compared with watchful waiting. 20 However, the absolute reductions in risk of all-cause and prostate cancerspecific mortality were small (around 5%), and this study has limited relevance for screening as only 11% of the men had screen-detected prostate cancer. 6 Treatments for localized prostate cancer can have deleterious side effects, and evidence from randomized trials about the effectiveness and side-effects of treatment for screen-detected disease is urgently required.
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No robust randomized trials of screening for prostate cancer have yet been published, but a recent modelling exercise suggests that the impact of treating screen-detected disease is likely to be limited. 22 This should not come as a surprise, as it has been estimated that 'only 16% of those with disease detected by screening benefit from radical treatments, since their disease would not otherwise have compromised their life expectancy or quality of life'. 18 Proponents of screening advocate that declines in prostate cancer mortality during the 1990s reported in Canada, USA, Austria, France, Germany, Italy and the UK were due to the increased use of PSA screening. However, the pattern of change in mortality is inconsistent between and within countries. 9, 23 In the USA, the mortality decline seems to have occurred very soon after the start of PSA testing, before the effects of any treatment of screen-detected disease would be expected. In the UK and other countries, mortality declined with no major increase in PSA testing. Other factors, including improved treatment of clinically detected disease, are likely to have contributed. The problems of attributing causality in these sorts of observational studies are well known. 24 Robust evidence can only come from randomized trials of screening programmes.
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Conclusion
The autopsy studies of Rich and, subsequently, several other authors demonstrated the omnipresence of prostate cancer in elderly men, an observation at odds with the relatively low lifetime risk of prostate cancer mortality. The early identification of prostate cancer is worthwhile only if it detects potentially lifethreatening tumours among asymptomatic men at a stage when lesions are curable, and if the balance of evidence demonstrates that the prospect of benefit outweighs the potential for harm. 6, 18, 25 The key dilemma is that, although most cancers detected by screening are clinically confined to the prostate and hence potentially curable, current screening tests cannot differentiate between the majority of screen-detected cancers that have low biological likelihood of progression (for which radical treatments would probably be unnecessary) from those with aggressive potential, in whom early radical treatment might be beneficial. 6, 25 Seventy-one years since Rich's publication, real progress would be made if we could identify biological factors that predict those localized prostate cancers destined to progress and result in clinical disease and mortality. Such factors would have to be extremely strongly associated with progression, however, to be potentially useful in a clinical setting. 26 
